Introduction
Among flocculating agents, widely used synthetic polymer flocculant give rise to environmental problems in that some of them are not readily biodegradable and intermediate products of their degradation are harmful to humans. To solve these problems, the use of biodegradable biopolymer flocculants produced by microorganisms has been investigated. Among the microbial flocculants reported previously, protein flocculants (Takeda et al., 1991 (Takeda et al., , 1992 , polysaccharide flocculants (Kurane and Nohata, 1991; Yokoi et al., 1997) , a glycoprotein flocculant (Lee et al., 1995) and a poly(amino acid) flocculant (Yokoi et al., 1996) have been isolated and their flocculation properties were investigated. To utilize microbial flocculants widely in industrial fields, it is desirable to find various microbial flocculants having flocculating activity for various suspensions. In this study, the isolation of a microorganism which produces a new biopolymer flocculant is reported together with descriptions of flocculating and chemical properties of the flocculant and optimum culture conditions for its production.
Materials and methods
Screening of a biopolymer flocculant-producing bacterium A biopolymer flocculant-producing bacterium was isolated from soil samples by an agar plate culture using a basal medium. A kaolin suspension was used as a flocculation test material.
Preparation of the biopolymer flocculant
A biopolymer flocculant-producing bacterium, strain A-99 was cultured aerobically at 30°C for 72 h in a basal medium (pH 6.3) consisting of 1% sucrose, 1% L-aspartic acid, 0.2% KH 2 PO 4 , 0.05% MgSO 4 .7H 2 O and 0.05% yeast extract. After the culture, the bacterial cells were obtained by centrifugation of the culture broth at 12,000 x g for 10 min. The cells were suspended in distilled water at 100°C for 30 sec to extract biopolymer flocculant from the cell wall. After the heat extraction, the viscous cell suspension was centrifuged at 14,000 x g for 15 min. Two volumes of cold ethanol was added to the supernatant to precipitate biopolymer flocculant. The flocculant was collected by centrifugation at 8,500 x g for 15 min and dissolved in distilled water. After three such ethanol precipitation steps, followed by dialysis in distilled water and lyophilization, a biopolymer flocculant was obtained.
Measurement of flocculating activity
Measurement of flocculating activity of the biopolymer flocculant in kaolin, active carbon, acid clay, cellulose and yeast suspensions was performed as reported previously (Yokoi et al., 1996 (Yokoi et al., , 1997 .
Chemical analyses of biopolymer flocculant
Analyses of total sugar content, protein content and monosaccharide composition of the biopolymer flocculant were performed as described previously (Yokoi et al., 1997) . Molecular weight of the biopolymer flocculant was measured by gel-filtration chromatography using an Cellulofine GCL-2000-m column (1.5 x 90 cm, Seikagaku, Japan). As a solvent, 50 mM phosphate buffer (pH 7.0) containing 0.1 M NaCl was used at a flow rate of 10 ml/h, and LMW and HMW Kits (Pharmacia Biotech, Sweden) were used as molecular weight standards. Infrared spectrum of the biopolymer flocculant was measured using a FTIR spectrophotometer (FTIR-8200, Shimadzu, Japan) with a KBr tablet. Amino acid content of the biopolymer flocculant was determined using a automatic amino acid analyzer (JLC-300, Japan Electron Optical Laboratory, Japan) after hydrolysis with 20% HCl containing 0.04% 2-mercaptoethanol under vacuum in a sealed-glass ampoule at 100°C for 24 h.
Results and discussion

Screening and identification
The isolated biopolymer flocculant-producing bacterium was an aerobic, Gram-negative, motile, oxidase-positive and catalase-positive rod. The isolate produced acids from glucose and fluorescent pigments. From these taxonomic characteristics, the bacterium was assigned to genus Pseudomonas and named as Pseudomonas sp. A-99. , were observed in infrared spectrum of the biopolymer flocculant. Quantitative analyses showed that the biopolymer flocculant was a protein containing a small amount of a polysaccharide. The amounts of aspartic and glutamic acids in the protein of the biopolymer flocculant were 4.8% and 5.9% , respectively, and were relatively abundant compared with other amino acids. The polysaccharide contained in the biopolymer flocculant was an acidic one consisting of galacturonic acid, glucose and galactose. Gel-filtration chromatography of the biopolymer flocculants gave a broad peak showing molecular weight from 5 x 10 3 to 2 x 10 6 (data not shown). It is supposed that the biopolymer flocculant is an acidic protein containing a small amount of an acidic polysaccharide, however, further study is needed to clarify its chemical structure.
Flocculation properties in inorganic suspensions
Flocculation properties of the biopolymer flocculant were examined in a kaolin suspension. Figure 1 shows an effect of flocculant concentration on flocculating activities in a kaolin suspension containing 5 mM Ca
2+
. An optimum concentration of the biopolymer flocculant for its flocculating activity was 20 mg/l, so following experiments were carried out at this concentration.
Flocculating activity of the biopolymer flocculant was influenced by the addition of cations to inorganic suspensions. Figure 2 shows 
